ABSTRACT Chromopeptides were prepared by proteolytic digestion of phytochrome (far-red absorbing form, Pfr) and of phycocyanin. The phycocyanobilin peptide, the chromophore of which is Z,Z,Z-configurated, was modified to the Z,ZE isomeric chromophore. It has been demonstrated earlier that the Pfr chromopeptide and the Z,Z,E-configurated phycocyanin chromopeptide behave similarly with regard to spectral and chromatographic properties and reactivity. We present evidence here, obtained by high-resolution 'H NMR spectroscopy, that both the modified phycocyanobilin chromophore and the phytochrome chromophore obtained directly from Pfr are 15E-configurated.
product obtained by total synthesis (7, 8) , and by high-resolution NMR spectroscopy of a chromopeptide (9) . It is closely related to the structure of the phycocyanin chromophore (structure Ib), which had been investigated with similar methods (3) . We recently have demonstrated (10) that chromopeptides can be obtained from the Pfr form of phytochrome that are different from Pr chromopeptides with regard to the chromophore. The differences concern chromatographic properties, UV/visible spectra, and chemical reactivity (10) . Pfr chromopeptides are readily transformed into Pr chromopeptides by light. This transformation takes place slowly also in the dark. The relatively best stability of Pfr peptides was found at pH 2-4. Addition of bases in the dark apparently reverts the Pfr peptide immediately into the Pr peptide, as monitored by the spectral properties and the stability towards irradiation. Reduction or oxidation of the Pfr chromophore also leads to partial transformation to the Pr chromophore. The same properties as for the Pfr chromopeptide have been demonstrated for geometric isomers (E-configurated) prepared from all-Z-configurated Pr chromopeptides and phycocyanin chromopeptides (11) . Similar properties also were reported for E-configurated bilindiones (12) (13) (14) (15) (16) (17) . It was concluded that the chromophore of the Pfr peptide should be either the 15E (structure Ila) or the 4E (structure lila) compound (11) . The E-configurated phycocyanin peptide should be the ethyl analogue Ilb or 11Tb (11) . We present eviAbbreviations: Pr, red-absorbing form of phytochrome; Pfr, far-red-absorbing form of phytochrome.
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Proc. Nati. Acad. Sci. USA 80 (1983) 6245 dence here from 1H NMR data that the chromophores are indeed the 15E compounds Ha and fib. The full high-resolution 1H NMR spectra of chromopeptides from phycocyanin and phytochrome will be reported elsewhere (18) .
MATERIAL AND METHODS
The 1H NMR spectra were recorded either with a Bruker WM50OFT NMR (quadrature detection) at 100C or with a Bruker WP8OFT NMR at 350C. Both instruments were connected with the Aspect 2000 data system. The chemical shift values are in ppm from sodium trimethylsilylpropane sulfonate. Acetone was used as the internal standard (2.050 ppm). The solvent system was acetone-d6/H20/CF3COOH, 8:1:1 (vol/vol) (solvent system A), if not otherwise stated. The H20 peak was reduced with the gated decoupling method.
Spectra were recorded at first of the Z,Z,E compounds Ha and fib, respectively, and subsequently of the phototransformed products Ia and Ib, respectively, which were obtained by irradiation of the solutions directly in the NMR tube.
Chromopeptide from Phycocyanin. C-Phycocyanin was isolated from Spirulina maxima and digested with pepsin as described (11) . Chromopeptides were purified by chromatography on Bio-Gel P-10 and on silica gel and by subsequent isoelectric focusing (11) . The chromopeptide used in this study (pI = 5.03) had the amino acid composition ArgjLysjAla2-GlyGlxAsx2Cys, (11) . Photoisomerization was achieved after addition of 2 vol of mercaptoethanol to 3 vol of 0.1 M Tris-HCl (pH 8.5) containing 2.4 x 10' mol of chromopeptide as described (11) . All subsequent steps were performed either in the dark or under dim-green safety light. The Z,Z,E-configurated chromopeptide Ilb was isolated by chromatography on Bio-Gel P-10 and silica gel (11) . The silica gel column that contained the adsorbed Ilb was washed with water and then with acetone-4 to remove all nondeuterated solvents. The chromopeptide Ilb then was eluted with solvent system A. The yield was 0.65 X 10-7 mol. calculated from the UV/visible spectrum after photochemical reversion to the compound Ib, with Ew = 35,500 (19) . The 500-MHz 1H NMR spectrum was recorded of this eluate (0.5 ml); the concentration of chromopeptide in the NMR tube was 0.13 mM.
Chromopeptide from Phytochrome. Phytochrome was extracted from etiolated oat seedlings (Avena sativa L., var. Pirol, Baywa Munchen, Federal Republic of Germany) and purified to the step of brushite chromatography as described by Song et al. (20) Table 2 and discussion below). Therefore, it was important for our problem to record all methine signals of the chromophore (protons at C-5, C-10, and C-15, see structures I-II). Unfortunately, the methine proton next to a hydrogenated ring (5-H in I, II, Il, V, and VIII) is easily exchanged in a H+ (or 2H+)-catalyzed reaction against 2H in 2H20 (9, 20), CH302H (22) , and CF3COO2H (23). This could possibly lead to loss of the desired information.
The 1H NMR spectrum of the Pr chromopeptide had been recorded in deuteropyridine (9) and that of model chromophores in deuterochloroform. The latter solvent was unsuitable for the chromopeptide because of lack of solubility. As outlined above, the Pfr chromopeptide is transformed into the Pr chromopeptide by bases like pyridine. Therefore, it was necessary to find a solvent that meets the requirements for solubility and stability of the Pfr chromophore and for lack of deuterium exchange at 5 (9) and with data for the phycocyanin chromophore lb and the model compound VIla (Tables 1 and 2 ). The crucial 1H NMR experiment with the phytochrome peptide (Ha and Ia) is shown in Fig. 1 ; that with the phycocyanin peptide (IUb and Ib) is shown in Fig. 2 . Because some dark reversion (IHa --+Ia and Ub --*Ib, respectively) is inevitable when handling the peptides as discussed earlier (10), two sets of signals are observed due to Ha and Ia (Fig. 1) or Ib and lb (Fig.  2) . The signals of IHa and Ilb are identified by the light sensitivity of these peptides. Irradiation of the sample in the NMR tube with white light causes disappearance of the signals of Ila and llb and an increase of the corresponding signals of Ia and Ib, respectively.
The 1H NMR spectrum of the E-configurated phycocyanin peptide (Fig. 2) reveals that it has the 15E configuration (llb) and not the 4E configuration (TIb). This can be concluded from an inspection of 1H NMR data of E-configurated model compounds (Table 3) . The 15-H signal is shifted downfield by 0.16-0.27 ppm by the Z-+ E isomerization at the 15,16 double bond.
The other methine signals (i.e., of 5-H and 10-H for Z --E isomerization at C-15) exhibit, if any, only small shifts during the isomerization, whereas the isomerization at the 4,5 double bond leads to a strong shift of the 5-H signal and, in one case, of the 10-H signal (Table 3) . These shifts seem to be (more or less) independent of the solvent used for NMR measurements and of the ,B-substituents of the compounds.
The 1H NMR spectrum of the Pfr chromopeptide ( Fig. 1 
